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Summary of Recommendations .
This document is a comment on the most recent Clinical
Laboratory Standards Institute (CLSI) and United Kingdom
(UK) multidisciplinary guidelines for the conduct of sweat
testing to aid in the diagnosis of cystic fibrosis (CF). This .
commentary emphasises important details that must be
followed in order to support best practice and obtain accurate
results. The document expands on details not clearly described
elsewhere, providing the following recommendations for
sweat chloride and conductivity analysis.

*  Recommendation 1. Following newborn screening
(NBS), babies with two cystic fibrosis transmembrane
conductance regulator (CFTR) mutations detected
have CF but should also have a sweat chloride test to .
confirm the diagnosis given the life-long implications
of a diagnosis of CF. Babies with one CFTR mutation
identified require a sweat chloride test to distinguish
healthy carriers from affected babies with an unidentified
second mutation. .

*  Recommendation 2. Patients presenting with clinical
signs of CF should have a sweat test; see 1998 US CF .
Foundation consensus document on the diagnosis of CF
for a list of clinical manifestations.

*  Recommendation 3. The laboratory should endeavour to
perform and report a sweat test within five working days
of receipt of the request following positive NBS. .

*  Recommendation 4. Measurement of the sweat chloride
concentration is the key investigation for the diagnosis
of CF and should be the only analyte considered for
diagnostic purposes.

Recommendation 5. Measurement of sweat sodium,
osmolality and conductivity are not acceptable tests for
the diagnosis of CF.

Recommendation 6. Sweat conductivity, usually
measured by the Wescor SWEAT CHEK™ following
Macroduct® sweat collection, may be used as a screening
test only. It is not appropriate to do conductivity post a
positive NBS.

Recommendation 7. Sweat tests should not be performed
until the subject is greater than two weeks corrected age
and weighs more than 2 kg.

Recommendation 8. Sweat testing should be delayed if
the patient is acutely unwell, dehydrated, oedematous,
malnourished or does not have a suitable skin site free
of eczema.

Recommendation 9. It is a sound practice to prepare a
sweat test information sheet for patients and families.

Recommendation 10. Sweat stimulation and collection is
covered by consistent statements in the two guidelines
(UK 2014 and CLSI 2009) which should be consulted for
explicit details. These statements equally apply to sweat
chloride and conductivity stimulation and collection.

Recommendation 11. In addition to chloridimetery,
inductively coupled plasma mass spectrometry (ICP-
MS) and ion chromatography/high performance liquid
chromatography (IC-HPLC) are appropriate for sweat
chloride analysis and are also potential reference
measurement procedures.
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*  Recommendation 12. Use of the Nanoduct® is not
recommended until more research, peer comparison and
product development information is available.

*  Recommendation 13. For infants up to 6 months of age,
we advocate the following reference interval (decision
limit): sweat chloride >60 mmol/L supports the diagnosis
of CF; a patient is unlikely to have CF when the sweat
chloride is <29 mmol/L; and patients with an intermediate
sweat chloride result of 30—-60 mmol/L may be CF and
should be referred to a physician experienced in the
diagnosis of CF for clinical evaluation.

*  Recommendation 14. For children from 6 months-of-
age through to adults, we advocate a reference interval
(decision limit): sweat chloride >60 mmol/L supports the
diagnosis of CF; a patient is unlikely to have CF when
the sweat chloride is <39 mmol/L; and patients with an
intermediate sweat chloride result of 40—-60 mmol/L may
be CF and should be referred to a physician experienced
in the diagnosis of CF for clinical evaluation:

e Recommendation 15. All patients with an elevated sweat
conductivity (>50 mmol/L) should be referred for a sweat
chloride test.

* Recommendation 16. Sweat conductivity should be
reported clearly and the report should state the value
of measured conductivity in standard ‘sodium chloride
equivalent’ units, mmol/L.

*  Recommendation 17. Each person trained to carry out
sweat testing should perform at least 10 sweat tests
annually, and detailed training records must be fully
documented.

¢ Recommendation 18. Training records should be
kept up to date in accordance with local audit agency
requirements.

*  Recommendation 19. Local accreditation authorities
should ensure assessors with expertise in sweat testing
are included in the assessor panel.

*  Recommendation 20. Local collection of sweat with
transport to another laboratory for analysis requires
experimental demonstration that the samples remain
stable during transport.

Introduction

Cystic fibrosis (CF) is an autosomal recessive disease
resulting from mutations in the cystic fibrosis transmembrane
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conductance regulator (CFTR) gene.' Absent or reduced CFTR
function results in altered electrolyte transport at epithelial
surfaces, in particular the airways, pancreatic and biliary ducts,
the gastrointestinal tract, vas deferens and the eccrine sweat
ducts. The main clinical features are progressive suppurative
lung disease and pancreatic exocrine insufficiency. Other
clinical features include bowel obstruction, biliary cirrhosis,
male infertility (absent vas deferens) and dehydration.> The
elevated sweat chloride concentration forms the basis of
the sweat test that has been used for diagnostic purposes
since 1959.% More recently, CFTR mutation analysis has
provided another method of diagnostic testing.* Over 2000
CFTR sequence variations have been identified, although the
majority are rare.” Many clinical laboratories can routinely
test for 20-50 mutations, accounting for more than 85% of
mutations in the Australasian population.® Despite advances
in genetic testing, the sweat test remains important for the
diagnosis of CE.’

CF had an incidence in Australia and New Zealand (NZ)
of approximately 1:2500 live births but as preconception
screening and other pregnancy screening options become
more common, most screening laboratories are seeing a
lower incidence, as low as 1:3500.%"° The majority (90—
95%) of new patients are detected by newborn screening
(NBS) programmes.®® In Australia and NZ NBS involves
measurement of immunoreactive trypsinogen (IRT) on day
2-4 of life, followed by limited CF'TR mutation analysis for
babies with IRT above the 99™ percentile.” Babies with two
mutations detected have CF but should also have a sweat test
to confirm the diagnosis given the life-long implications of a
diagnosis of CF. Babies with one CFTR mutation identified
require a sweat test to distinguish healthy carriers from
affected babies with an unidentified second mutation. Any
person presenting with clinical features of CF, including
meconium ileus, or a family history of CF (first degree
relative) should also have a sweat test regardless of age or
newborn screening result.!!?

Both false-positive and false-negative sweat tests can have
detrimental life-long consequences. Sweat test methods must
be standardised to ensure consistent quality for diagnostic
accuracy."

The last Australia and NZ guideline for the performance of
the sweat test was published in 2006.'* This drew heavily on
the existing guidelines published by the CLSI in the US and
the multidisciplinary sweat test working party in the UK. The
CLSI guideline was updated in 2010 (approved guideline
C34-A3) and the UK guideline in 2014.'31¢ This working
party has employed the UK guideline as a major resource
because of its detail and evidence-based format.



The aim of this guideline is to provide recommendations
to support standardisation and best practice for (a) sweat
conductivity screening; and (b) sweat chloride testing to
diagnose and monitor CF. This document is a comment
on the most recent CLSI and UK guidelines, and the
recommendations for the performance of the sweat test
supersede the Australasian guideline of 2006. These
comments are applicable to all laboratories performing sweat
tests in Australasia, in particular those enrolled in the Royal
College of Pathologists of Australasia Quality Assurance
Programs (RCPAQAP). In this document we emphasise
important details that must be followed in order to support
best practice and obtain accurate results, and to expand on
details not clearly described elsewhere. A detailed account
of how to perform a sweat test can be found in the CLSI
(2009) and UK (2014) guidelines which should be consulted
if further details are required.'>! It is available on-line (www.
acb.org.uk). A comparison of the new Australian and NZ
(2017), CLSI (2009) and UK (2014) guidelines, along with
the latest Cystic Fibrosis Foundation consensus document,'’
is provided in the Table.

Indications for Sweat Testing

a. The majority of patients for testing are identified by a
positive NBS test for CF (that is, an elevated IRT, followed
by the detection of one or two CFTR mutations). NBS
screening CFTR mutation panels vary in each state of
Australia and NZ with the aim of detecting approximately
90% of affected babies. The screening panels are usually
more limited than the expanded diagnostic panels. CFTR
sequencing is not included as part of NBS in Australia
and NZ. The CFTR mutations sought in screening are
those most common in a European population, so babies
of other ethnicities with a different mutation spectrum
may not be identified. Although CF is believed to be rare
in Aboriginal, Torres Strait Island, Polynesian and Asian
populations, more requests for sweat tests from persons
of these ethnicities are being received by laboratories in
Australia and NZ.
The CLSI and UK guidelines do not make a
recommendation about how promptly a sweat test should
be performed following a positive newborn screening
result. Parents are anxious once they have been notified
of the positive NBS test and the fact that the majority
will turn out to be carriers is of no immediate comfort.
While the system of referral is not under the control of
the laboratory, once a request is received, performance
of the test and conveying the result to parents is a matter
of urgency. It is recommended that the test be performed
and the authorised result made available to the requestor
within five working days where practical.

Sweat Testing Guideline

b. Patients presenting with clinical signs of CF (see 1998
US CF Foundation consensus document on the diagnosis
of CF for a list of clinical manifestations) should have
a sweat test.!™2!7 Such patients may arise from cases
missed by the screening programme because the IRT was
below the cut-off value or because they carried mutations
not included in the NBS panel. Other possibilities are
migrants from countries without a screening programme
or those born before screening was commenced (NBS for
CF started in 1981 in New South Wales and NZ, with
Western Australia the last Australian state to commence
in 2001). In Australia, 98% of children have NBS,
some missing out because of early hospital discharge or
parental refusal of screening.'® There is a broad phenotype
that may be consistent with CFTR disease (e.g. absent
vas deferens, sinusitis or recurrent pancreatitis) so that
laboratories are also seeing an increasing number of
adults referred for sweat testing.'

c.  Family history of CF. Siblings of patients with CF have
a 1 in 4 chance of being affected. They may have been
missed by NBS or not presented with clinical features
that have prompted a sweat test previously. As such, all
siblings of patients with CF should have a sweat test.

d. Monitoring of therapy with ivacaftor is required under
the Australian Pharmaceutical Benefits Scheme. This is
likely to become a more frequent cause of referrals when
other CFTR potentiators and correctors become licenced
for use.??!

Recommendation 1. Following newborn screening, babies
with two CFTR mutations detected have CF but should also
have a sweat chloride test to confirm the diagnosis given
the life-long implications. Babies with one CFTR mutation
identified, require a sweat chloride test to distinguish healthy
carriers from affected babies with an unidentified second
mutation.

Recommendation 2. Patients presenting with clinical signs
of CF should have a sweat test; see 1998 US CF Foundation
consensus document on the diagnosis of CF for a list of
clinical manifestations.

Recommendation 3. The laboratory should endeavour to
perform and report a sweat test within five working days of
receipt of the request following positive NBS.

Acceptable and Non-acceptable Tests
Measurement of the sweat chloride concentration is the key
investigation for the diagnosis of CF and should be the only
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analyte considered for diagnostic purposes. Some laboratories
have continued to measure sweat sodium as well, often as a
check of the validity of the chloride value, or alternatively
to provide the clinician with a sodium/chloride ratio. There
are, however, no established criteria as to what constitutes
acceptable values, so this practice is no longer recommended.?
In accordance with this, the RCPAQAP provides EQA only
for sweat chloride and conductivity concentration.

Sweat conductivity is related to the concentration of all ions
in sweat and is higher than sweat chloride by a mean of about
15 mmol/L.?* Conductivity can be measured in an acceptable
manner with the Wescor system.??* It is the recommendation of
the Sweat Test Advisory Committee that sweat conductivity
be used as a screening test and not a diagnostic test. This is
consistent with the CLSI and UK guidelines. All patients with
an elevated sweat conductivity should be referred for a sweat
chloride test. In addition, all infants less than 6 months of age
should be referred for a sweat chloride test irrespective of the
conductivity result.

Sweat conductivity, usually measured by the Wescor SWEAT
CHEK™ following Macroduct® sweat collection, may
be used as a screening test only. We do not recommend the
Wescor Nanoduct® because it was not approved for use in the
UK guideline nor discussed by CLSI. Measurement of sweat
osmolality is not an acceptable test for the diagnosis of CF.

Recommendation 4. Mecasurement of the sweat chloride
concentration is the key investigation for the diagnosis of
CF and should be the only analyte considered for diagnostic
purposes.

sodium,
osmolality and conductivity are not acceptable tests for the
diagnosis of CF.

Recommendation 5. Measurement of sweat

Recommendation 6. Sweat conductivity, usually measured
by the Wescor SWEAT CHEK™ following Macroduct®
sweat collection, may be used as a screening test only. It is
not appropriate to do conductivity post a positive NBS.

Who is Suitable to Test?

Sweat tests should not be performed until the subject is
greater than two weeks corrected age and weighs more than
2 kg. This is because there are often technical problems in
doing the test in very small infants and there may be a greater
risk of complications (see below) or obtaining insufficient
sweat.”® Practically, in Australia and NZ, most babies with
positive NBS results are identified around 3—4 weeks of age.®?
Occasionally, the test may be attempted in younger smaller
babies, provided there are good clinical reasons for doing so0.?
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Sweat testing is contra-indicated in babies less than 48 hours
of age because high concentrations of sweat electrolytes can
be found on the first day of life and sweat volume is low.”

Sweat testing should be delayed if the patient is acutely
unwell, dehydrated, oedematous or malnourished. It may
not be possible to cease fludrocortisone or topirimate before
doing a sweat test, but clinicians should be aware that these
drugs can affect the sweat electrolyte values. There is no
literature on the effect of systemic corticosteroids. Skin sites
with eczema or serous exudation should be avoided as they
impair sweat duct function or cause falsely high results by
contamination with serum.

Recommendation 7. Sweat tests should not be performed
until the subject is greater than two weeks corrected age and
weighs more than 2 kg.

Recommendation 8. Sweat testing should be delayed if
the patient is acutely unwell, dehydrated, oedematous,
malnourished or does not have a suitable skin site free of
eczema.

Patient Preparation and Possible Complications

The purpose of the sweat test and how it will be carried
out must be explained carefully to the parents of the child
or the adolescent/adult being tested. They should be made
aware that there is a small risk of complications. The most
common observation is of mild reddening of the skin, which
is of no consequence. However damage to the skin (such as
burns and blistering) occurs very infrequently and is usually
due to poor contact of the stimulation electrode with the skin
causing an increase in electrical resistance and therefore heat
build-up. This risk can be minimised by careful attention to
technique (see next section) and to careful maintenance of
electrode surfaces. It is a sound practise to prepare a sweat test
information sheet for parents (see example sheet at https://
www.schn.health.nsw.gov.au/parents-and-carers/fact-sheets/
sweat-test and Appendix).

Recommendation 9. 1t is a sound practise to prepare a sweat
test information sheet for patients and families.

Sweat Stimulation and Collection

This is covered by consistent statements in the two guidelines

which should be consulted for explicit details. These

statements apply equally to sweat chloride and conductivity

stimulation and collection. The matters considered critical by

the Sweat Test Advisory Committee are the following:

*  Sweat must be collected after stimulation by pilocarpine
iontophoresis using either the Gibson and Cooke method
or the Wescor Macroduct® system.



The power supply must be a battery and should include
a safety cut-out. All equipment must be checked on a
12-monthly basis and maintained in good working order.
The current should be increased gradually to maximum
of 2.5-4 mA and monitored throughout the procedure,
which needs to be maintained for 3—5 minutes to stimulate
the recommended quantity of sweat.

Electrodes are usually made from stainless steel, copper
or carbon and must be of a proper size to fit the patient’s
limb. They must be regularly cleaned and inspected and
kept free of surface oxidation. When using the Wescor
Macroduct® system, the manufacturer’s instructions
should be followed.

The flexor surface of the forearm is the preferred site for
sweat collection. Other sites such as the upper arm or
thigh may be used if the arms are too small. The site must
be free of skin disorders such as eczema.

The electrolyte solutions to be used include US
Pharmacopoeia grade pilocarpine nitrate (0.2-0.5%).
This may be used at both electrodes. Alternatively, a
solution of magnesium sulphate (0.05%) or potassium
sulphate (1%) can be used at the cathode. Solutions
containing chloride should be avoided because of the risk
of contamination. Pilocarpine may be used in the form of
a gel, as with the Wescor Macroduct® system.

The following may be used for sweat collection:

(i) Gauze pads which have been repeatedly washed in
distilled water to remove any traces of chloride.

(i) Filter paper e.g. Whatman no. 42/44.
Once applied to the stimulated area of skin for sweat
collection, the gauze pads or filter paper should be
covered with a sheet of impervious material that is
sealed on all sides with tape to prevent evaporation.

(iii) Macroduct® disposable collector.

Pads placed under the electrodes and soaked with the
electrolyte solutions must be thick (3—8 thicknesses of
hospital lint) and maintained in full contact with the skin.
They must be about 1 cm larger than the electrodes in all
dimensions to avoid electrode contact with the skin and
the risk of burns.

Sweat should be collected for not less than 20 min and no
more than 30 min, unless the Macroduct® tubing is full.
Great care should be taken to prevent contamination and
evaporation.

Sweat Testing Guideline

*  The minimum sweat secretion rate should not be less
than 1 mg/m?min over the collection period. The area
function refers to the area of the stimulation electrode
and collection device (Gibson and Cooke method), so this
area must be known. Insufficient volumes of sweat should
not be pooled but rather the test should be repeated. If
this is necessary, a different site on the limb should be
chosen. Sweat chloride analysis should not be performed
if <0.075 g of sweat is obtained using the Gibson Cooke
method, or <15 pL using the Macroduct® system over
30 min. Quantities lower than these should be reported as
‘insufficient collection, please repeat test” or similar. The
weight or volume of sweat collected from each patient
must be recorded and reported. The sweat test laboratory
should aim to keep inadequate collections below 5% of all
collections, bilateral or otherwise. If insufficient samples
are more than 5%, reviews of electrolyte concentrations,
stimulation and collection area, instrument function, staff
training, and patient hydration are warranted.

o If insufficient sweat is collected, only one repeat
stimulation (on the same day) may be performed, using
an alternative site, usually the opposite arm. Do not
re-stimulate the same site. If the sweat volume is still
insufficient, the test should be re-scheduled for another
date.

* Some laboratories collect sweat from both arms
simultaneously in order to minimise the number of
‘quantity not sufficient’ collections. This also allows
the comparison of sweat chloride from one arm to be
compared with the other as a way of documenting test
quality. The 95" percentile difference is about 15 mmol/L
so a difference greater than this value should be regarded
with caution.?® These collections should not be pooled.

Recommendation 10. Sweat stimulation and collection is
covered by consistent statements in the two guidelines (UK
2014 and CLSI 2009) which should be consulted for explicit
details. These statements equally apply to sweat chloride and
conductivity stimulation and collection.

Methods of Analysis

The UK guideline supports the use of colourimetry,
coulometry (chloridometer) and ion selective electrode (ISE)
for chloride analysis, as long as whatever method is used is
fully validated. ISE analysis requires the addition of a known
volume of saline to bring the chloride concentration to a range
measurable by ISE, and this is a potential source of error. The
CLSI guideline discusses only analysis by chloridometer.
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There are now several laboratories measuring chloride by
inductively coupled plasma mass spectrometry (ICP-MS),
and this has been shown to be highly accurate.”* Another
recently published accurate method is ion chromatography/
high performance liquid chromatography (IC-HPLC).*
Both are appropriate for sweat chloride analysis and are also
potential reference measurement procedures.

Wescor Inc has introduced a much smaller device, the Wescor
Nanoduct®. This stimulates sweat glands by pilocarpine
iontophoresis and sweat is collected and analysed in situ
with a disposable sensor. This sensor is of small size and
low sample requirement (3—5 pL), making it attractive for
testing neonates.>'** Losty et al. (2006) found a high number
of false-negatives (25%), thought to be due to a faulty batch
of sensors.* The Nanoduct® was not discussed in the CLSI
guideline and is not recommended in the UK guideline.
Therefore, the Sweat Test Advisory Committee does not
recommend the use of the Nanoduct® until more research,
peer comparison and product development information is
available.

Recommendation 11. In addition to chloridimetery, ICP-MS
and IC-HPLC are appropriate for sweat chloride analysis and
are also potential reference measurement procedures.

Recommendation 12. Use of the Nanoduct® is not
recommended until more research, peer comparison and
product development information is available.

Decision Limits

There is accumulating evidence that values for sweat chloride
are more age-related than previously identified, and the
recommendations ofboth guidelines reflect this.*** Inaddition,
it is clear that there is a spectrum of CFTR diseases, from
classic cystic fibrosis with pancreatic exocrine insufficiency to
those with CF but who are pancreatic sufficient and those with
isolated organ involvement, such as pancreatitis and absence
of the vas deferens. There is some relationship with genotype
class and often sweat chloride in each of these CFTR disease
categories.’® Patients with isolated organ involvement are not
considered to have CF, and the term CFTR-related disease
is used. There have been various generations of diagnostic
guidelines from the Australian Paediatric Respiratory Group,
US CF Foundation and the European CF Society.!""'"373° In
each of these, the complexity of the diagnosis is increasingly
apparent. The foundations of the diagnosis, however, remain
an assessment of the clinical features, NBS results, genotype
and sweat chloride value. As such, creating absolute sweat
chloride cut-offs for diagnosis is somewhat artificial. It is best
to consider sweat chloride as a decision limit that determines
the need for a more thorough clinical assessment. The most
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recent US CF Foundation guideline on the diagnosis of CF
(2017) have done away with age-related sweat chloride values
and taken <30 mmol/L as the normal range with >60 mmol/L
being consistent with a diagnosis of CF in all age groups.*
It is the opinion of the Sweat Test Advisory Committee that
this is not consistent with our clincial experience and the
published data.®*3> It is rare for patients with pancreatic-
insufficient or -sufficient CF to have sweat chloride <40
mmol/L after infancy.*® As such, we still advocate a decision
limit for infants (up to 6 months), most likely to be tested after
identification by NBS and a decision limit for children from
6 months of age through to adulthood. This serves the vast
majority of patients having sweat testing.

Decision Limits for Sweat Chloride Infants <6 months
Sweat chloride >60 mmol/L supports the diagnosis of CF.
Sweat chloride 30-60 mmol/L may be CF (referral to
physician experienced in the diagnosis of CF is recommended
for clinical evaluation, repeat sweat chloride testing and
genotype analysis is recommended).

Sweat chloride <29 mmol/L unlikely to have CF.

Decision Limits for Sweat Chloride Infants >6 months,
Children, Adults

Sweat chloride >60 mmol/L supports the diagnosis of CF.
Sweat chloride 40-60 mmol/L may be CF (referral to
physician experienced in the diagnosis of CF is recommended
for clinical evaluation, repeat sweat chloride testing and
genotype analysis is recommended).

Sweat chloride <39 mmol/L unlikely to be CF.

Recommendation 13. For infants up to 6 months of age, we
advocate the following reference interval (decision limit):
sweat chloride >60 mmol/L supports the diagnosis of CF; a
patient is unlikely to have CF when the sweat chloride is <29
mmol/L; and patients with an intermediate sweat chloride
result of 30-60 mmol/L may be CF and should be referred
to a physician experienced in the diagnosis of CF for clinical
evaluation.

Recommendation 14. For children from 6 months of age
through to adults, we advocate a reference interval (decision
limit): sweat chloride >60 mmol/L supports the diagnosis of
CF; a patient is unlikely to have CF when the sweat chloride is
<39 mmol/L; and patients with an intermediate sweat chloride
result of 40—-60 mmol/L may be CF and should be referred to
a physician experienced in the diagnosis of CF for clinical
evaluation.

Decision Limits for Conductivity

At conductivity values >50 mmol/L, CF cannot be excluded.
It is therefore appropriate for laboratories using conductivity
to have a single decision limit of 50 mmol/L above which



patients should be referred for sweat chloride (or the
laboratory reflex to this if available). Below 50 mmol/L, no
further action is required on the basis of the sweat test if the
patient is >6 months of age. These results should be reflected
in interpretative comments.

The choice of decision limits and interpretive comments
are the subject of regular audit by the Sweat Test Advisory
Committee.

Recommendation 15. All patients with an elevated sweat
conductivity (>50 mmol/L) should be referred for a sweat
chloride test.

Interpretative Remarks

Interpretive remarks incorporated into the report must be
overseen by a senior scientist experienced in sweat testing, in
consultation with an appropriate pathologist or clinician. The
UK guideline provides an excellent list of comments which
may be employed by laboratories on their reports to assist
clinicians in result interpretation.

Reporting Units
Sweat chloride should be reported in mmol/L.

In a recent survey by the Sweat Test Advisory Group it was
apparent that some laboratories report conductivity in units
of the expected chloride concentration, calculated from the
sample conductivity.®® This calculation is presumably based
on the formula suggested by Hammond.? This practice
causes uncertainty to the referrer about what has been tested,
leading to undesirable variation in diagnostic strategy.
The Sweat Test Advisory Committee recommends that
conductivity be reported clearly and that the report states the
value of measured conductivity in standard ‘NaCl equivalent’
units (i.e. the molar concentration of a pure sodium chloride
solution having the same conductivity); using mmol/L.

Conductivity is expressed as mmol/L throughout this paper.
This is an abbreviation of mmol/L (equivalent NaCl), a unit
that represents the molar concentration of a solution of sodium
chloride that has the same conductivity as the sweat sample
at the same temperature. It is emphasised that this value
does not in any way represent the actual sodium or chloride
concentration in the sweat sample.

Recommendation 16. Sweat conductivity should be reported
clearly and the report should state the value of measured
conductivity in standard ‘sodium chloride equivalent’ units,
mmol/L.

Sample Quality Across the Total Testing Process
There is evidence that poor performance of sweat chloride

Sweat Testing Guideline

testing can lead to misdiagnosis.’**'** The step of sweat
testing most susceptible to incorrect performance is operator
competency. Internal quality control (IQC) and EQA
programmes are valuable for the control of analysis, analytical
competency and interpretation of results, but cannot test the
ability of the operator to collect the sweat accurately which is
where a considerable amount of variation occurs. One way of
testing all components of the sweat test is to perform a sweat
test on selected staff volunteers at regular intervals. This
exercise is also useful for training purposes. If those involved
in sweat collection are unfamiliar with standard laboratory
practises, for example nurses, training should be supervised
by laboratory scientists and certified by senior members of the
laboratory staff responsible for sweat testing. Since frequency
of test performance is expected to contribute to competence,
we support the CLSI guideline’s recommendation of collectors
performing at least 10 sweat tests each year.

Details regarding training must be fully documented and
training records kept up-to-date in accordance with local
audit agency requirements. It is desirable that the regular
accreditation of laboratories by such agencies include an
assessor with expertise in sweat testing.

False-negative and false-positive results can occur from any
of the following:

*  patient nutrition and hydration status

»  skin contamination or failure to dry skin adequately

* inadequate sweat collection or sweat secretory rate

»  evaporation during collection, transfer and transport

* improper method selection and performance

*  poor technical competency

Recommendation 17. Each person trained to carry out sweat
testing should perform at least 10 sweat tests annually, and
detailed training records must be fully documented.

Recommendation 18. Training records should be kept up-to-
date in accordance with local audit agency requirements.

Recommendation 19. Local accreditation authorities should
ensure assessors with expertise in sweat testing are included
in the assessor panel.

IQC and EQA of the Analytical Process

Electrolyte solutions of known sodium and/or potassium
chloride concentration should be used as IQC. When using
gauze pads or filter paper, the IQC material should be added
to the paper or gauze and then analysed with the patient
samples. For the Wescor system, it is acceptable to analyse
the IQC material directly. It is recommended that two levels
of IQC be analysed with each batch of patient samples. It is
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also recommended that one of these controls is close to the
decision level for chloride concentration (i.e. 40 mmol/L) and
the other is in the abnormal range.

Between-batch coefficient of variation (CV) for chloride
measurement should be 5% or less at a concentration of 40—
50 mmol/L.

Sweat Transport from Remote Laboratories

One response to the RCPAQAP audits has been the increasing
number of laboratories collecting sweat locally but sending
it to central laboratories for analysis. This avoids patients
needing to be sent long distances for testing. However it must
be remembered that sweat stimulation and collection is the
component of the test requiring the most standardisation.
There is limited research on the maintenance of sample
integrity during transport.*** Current studies indicate that
the traditional Gibson and Cooke sweat collection is only
stable during transport for up to 6 h, whist the sweat collected
using the Macroduct® system is stable for up to 48 h; being
lower than the storage guidelines provided elsewhere.® It is
recommended that laboratories engage in this practise only
if it has been experimentally demonstrated that the samples
remain stable during transport.

Recommendation 20. Local collection of sweat with transport
to another laboratory for analysis requires experimental
demonstration that the samples remain stable during transport.

External Quality Assurance

Laboratories undertaking sweat testing in Australasia must
participate in a suitable EQA scheme. EQA can assess only the
analytical component of sweat testing, and not the stimulation
and collection components. Therefore errors arising from
poor stimulation and/or collection practises are hard to
identify. EQA can identify weighing errors, poorly performing
methods, discrepancies in standardisation, calculation errors
and errors in interpretation.

The RCPAQAP Chemical Pathology group have a quality
assurance programme for sweat electrolytes. There are two
cycles of testing per year consisting of six linearly-related
samples distributed in duplicate. Currently the samples are
aqueous salt solutions of NaCl and KCI. The range of chloride
concentrations is 10—120 mmol/L. Part of the programme also
looks at the interpretation of the results. This is the qualitative
aspect of the report and currently there is a choice of ‘negative’,
‘equivocal’ or ‘positive’. Using these data, a cumulative
summary report is produced graphically, representing the
number of results returned and the interpretation selected by
the laboratories.
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Biological Variation

There is significant variation between sweat tests performed
on the same individual, whether performed at the same time
on two sites, or on different occasions.?®#* Quite apart from
other causes of variation between tests, a major part of this has
been shown to be biological variation within an individual,
the causes of which have not been defined but may include
physiological differences in adjacent skin sites and state of
hydration. The total CV of repeat tests is at least 20%.%® For
the majority of patients, the chloride is either very low or, in a
few cases, very high and variations of this magnitude will not
affect the interpretation significantly. However for those with
intermediate sweat chloride values, these variations could
lead to misclassification. Patients with intermediate sweat test
results should be referred to a clinician with experience in the
diagnosis of CF.

Conclusions

The CLSI and UK guidelines provide a good foundation
for standardisation of the sweat test. Attention to each step
is required to minimise variations, in particular the steps of
sweat collection that are not assessed in the RCPAQAP. We
encourage all laboratories in Australia and NZ performing
sweat tests to familiarise themselves with these guidelines
and our recommendations. Furthermore, we encourage all
laboratories performing sweat tests in Australia and NZ to
participate in the RCPAQAP. There is on-going research on
many details of the sweat test and regular evaluation of the
decision limits for the diagnosis of CF which will support the
evidence base for our recommendations.
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laboratories in Australia for their input and support for this
revised guideline.

Competing Interests: None declared.



Sweat Testing Guideline

$10303[[09 J[qesodsIp "SI0J09[]09
@1oNPOISRIA] JOISOA -3u1qny 210qOIOIN @1ONPOIOBIA] JOISIA
k: (0) :(0) d0
ourPpmp
600¢ ISTO 9y} se {ons
s[0o0301d [eUOTIRUIAIUL
‘paystqeIsa ut paystjqnd
saurpopin3s [ernpasoxd
pasoxdde o3 Surpiodoe
powojrad oq prnoys ozne3 10 OPLIO[UO pue WNIpos ul ozned
0] UOHEPUIWIOIY Sunsay opuio[yo yeoms  Joded 193 o001y opuojy) Mo Joded 10)[y 10 ozneo) J1o 1oded 103y poyse UOIJO[[09 JO WNIPAN
[eonATRUR-I1 ]
P9109[[09 JBIMS Pa109[[09 JBIMS
juoroyyns pue jueyrodwr  judroygns pue jueyrodur
Aqreorurpp jrogejop L Ajjeorur[o jroge jo y gy
: (0] d0
3y < < < PMe<
anyv aNV aNVv anNyv
o3e [euone)sol juonjed
/ UOTIEpPUAWIIOddY P93091100 JO M 9¢Z o3e jo ym < a8e Jo ym < o3ejo M Z<  JOIy3rom/o3e WwNWIUIA]
[eonAreue-aad-aag
LT0T ‘uonipy pug LT0T ‘uonipy pug Y102 ‘uonipy pug 6007 ‘uonIpy pig 9002 ‘uonIpy S|
elsgje.nsny uonepunog 49 wop3ury| pajrun ISTO ele.nsny

oc Pordepe sem 9[qe) siy) Jo uSisap Ay L, “Sunse) jeams 10j saurjaping jo uostedwo) d[qeL,

123 | Clin Biochem Rev 38 (3) 2017



Massie J et al.

‘sourjopng

"TOTIOJ[0D 1BAMS

SN pue [STD 03 19ja1 JO SINOY M © UIyjIm
— SUOIIEPUAWIIOIAI pauuojiad 9q pnoys ‘sped aznen ouIopINg uIypm
0T Y} JO uo JoN SISAJeue OpLIO[YD JBIMS U0 D I8 Y 7/ 10J 9[qeIs ‘[ 7/ 10 9[qBIS  9[qB[IBAB UONBULIOJUI ON o3e101g
3urqny 910qOIdIN — 1 G SuIqn) 910qOIdIN — TN G
1oded
YLRznen -8 600 00D uosqr) — 5 6/0°0
urw/gw/3 1< U,/ guwy/3 | paoxyg ury/zw/3 [< QWN[OA/YSIoM WNWIUIA
(1o1p189
[y St SuIqny @3ONPOIdBIN
SSo[UN) UM ()¢—(O7 sojnuIw ()¢ XeN sonuIw ()¢ — O w1} UONI[0))
ur G—¢ ur ¢ urw g Quwn uone[NWNS
oul[eping
600¢ ISTO 9y} se {ons
s[090301d [eUOTIRUIOIUL
‘payst|qeIsa ut paystjqnd
saurpopins [ernpasoxd
panoidde o3 Surpioooe
pauwojrad 9q prnoys
3u1so) OPLIO[YD JBIMS V61 YV $—6'C vl ¢ JuLIND)
"9po1I9[d
oAne3au oY) pue Y3y
Iouur oy} ur paded oq
PINOYs aponodafe aanisod
‘posn st 39 JT "9S
uono3[[0d Tewndo ssf & 31
Sunyew ‘y3ry) oy ur sso| ‘[[ews 003 d1e
SI Spue[3 1eoMms JO AJISUSp  suLIe 9y JI pasn oq Ajo1er
oy ysnope ysy 10 Kew ‘Jreo 10 y3Iy) ‘uure
WIe JOMO] ) WOty Joddn 3o soy1s 1030
‘UONBIUIIUOD JA[OII[Q  "UOIIJ[[0D JBIMS J0J 9IS
juoreamnbo yym  porrojard SI wea1o) I9y3o
‘PaId9I[00 9q UBD JBIMS JO 90BJINS IOXAY oY T, UOI}OJ[[09 JO S
L10T ‘uonIpy pug L10T ‘uonipy pug Y10T ‘uonipy pug 6007 ‘uonIpy pig 9007 “uonIpd S|
eise[esny uonepunoy 49 wop3ury] pajun ISTO elensny

124 | Clin Biochem Rev 38 (3) 2017



Sweat Testing Guideline

G UOT)EPUAIIOdIY

[T UOT}EPUSWITOY

9 UOIIRPUSIIOdY

(07 UOT)EPUSTITIOON]

jonpoueN
J00SOAN / AJI[R[OWISO
, winissejod / wnipos
“POPUAUIIOII

10U JUSWIAINSBIA

HSI pue

Anawono)) ‘Anownojo)
age jo

syjuowt 9 < 10§ yuowdmba
NOUD-1eamS J00SOM Y}
3ursn A31AONPUOd JeOMS

‘s[rejop o3el103s 0}
uonuoe si a1y} papraoxd
sIsAJeue 10J K10)eI0qR[
oy 03 payrodsuer

PUE SJIS 2)OWIAI JB
Pa109[[09 9q ABW JBIMS

auroping urgyim
o[qe[IBA® UOTJBWLIOJUT ON

zL
‘XeuW) pasn 9q isnw saqny

ADd ‘samjeradwo) 10ysiy
18 pa103s st prnbry J

Dol ¥ Y TL 10} saqmy
ADd paddes 1o Suiqny
@)ONPOIOBIA UI IO
‘Uo199[]09 @IONPOIOBIA

'$1$9) o1SouIeIp

se 9[qe1dadoe jou are
wnipos 1o AJIe[owso

Jo sjuowaInseaw

IO ‘SjuauIdINSBIW
KJ1IATIONPUOD [BILOJ[D
I9p[O0 10 SHS] Sursn s3s9}
IS Ul SUIPLar 10211
“POPUSIOAX

JOU JUSUWIAINSBIA]
‘ParepI[EA JI

91qe1deooe spoyiow IoYI0)
“gST Sursn uonne)) 1919w
SPLIOTYO im uonenry,
(A[uo sanuod

PANPAIdIL SISOIqT]
onsk) Jo apIsinQ)
AyAnonpuo)) jeoms

"ouIopINg UM
9[qe[IBAR UOIJBULIOJUI ON
‘Surqm

010qOIDIA UI PAI0)S

oq jou jsnw djdwes

S9qnN} 93 NJLIUIIOIOTIA]

Teia e
ur Joded 193 10 9znen)

KipejowsQ
‘uondiosqe orwoe pue
S ‘Anowoloyd swe

dSI pue
Anowonoy) ‘A1owro[o))

K3IAnONpuOod JBOMS

auropIng uryyim
9[qe[IBAE UOTJBULIOJUI ON

sajATeue o[qeideooeuny

(e1qe3doooeun
/21qe1doooe) wnipog

sIsA[eue
JO poyjott SpLIOTY?)

poyjow SUTUSAIONS
[ednieuy

yodsuely,

125 | Clin Biochem Rev 38 (3) 2017



Massie J et al.

/oW )9<" ST An[eA
OPLIO[YO JBAMS JI OpBW
2q ued ) Jo sisouseIp e
‘K10381y A[rwuey oAnisod

B IO Y1) YIIM JUIISISUOD
SOINJBOJ [BOIUI[O ‘USAIOS
uroqmou aanIsod e s
Sunjuasaid spenpiarpur uj
‘SISA[eu®

[euonouny Y 14D lo/pue
sisATeue oua3 Y 14D
POPUAIXO J0J PAIIPISUOD
2q pinoys Aoy, D ALy
Aewl sUOISLod0 9jeredas
 uo (/10w 65—(¢)
93uel dJeIPIULIIUL UL
soneA 9pLIO[YD JBOMS pue
‘K10381 A[rauey aAnisod 1o
‘1D 3o swojdwAs ‘usa1os
u10qmau dAnIsod ym
Sunuosaxd syenprAIpu|
A1

SS9 SI D Yey) sayedrpul
T/10Wr 9g> SpLIo[yo
JBOMS 9ABY OUM D) UM
JULISISUOD 9q AeW I}
SQINJBYJ [BOTUL[D LM
S[ENPIAIPUI %78 “A[o)ITun
STAD SejedIpul J/jourtu
0€> OPLIOJYD JBIMS

‘sisougerp
4D suoddns /10w ()9<

“T/jowu
09-0F Sypuowy <

LR

sisougerp

QAIJROIpUL J/[oWW ()9< D) sHoddns T/joww (9<

‘[eWwIOoU /[OWW ¢S
“9)RIpaULIdIUI

/10wt 660t

A0 Jo sanedIpul
/oW )9< JJUBJUI-UON

‘JewIou /oW 67>
“9JeIpauLIdIUI
o 66-0¢

‘[eooAInba /0w 09—t
“Tedoun nq
AJYIUN D T/[OW ()7>

[eo0AInba T/[oww ()9—0

1 ‘u09I10s uroqmau aAnisod ‘JeooAIba ‘1D JO dAneIIpUl Jed[oun jnq S[eAIul
2 €] SUOEPUSIWIIOIY UM S[enpIAIpUI U] 7T/[OWW ()9—()¢ SYIUOW 9> J/low ()9< (sjueyu] - A[RYIUN 4D J/[OWW (>  9IUIJAI OPLIO[YD 1eOMSG
[ednAieue-sod
LT0T ‘uonipy pug LT0T ‘uonipy pug $10T ‘uonIpy pug 6007 ‘uonIpy pI¢ 9007 ‘uonIpy 1T
eise[e)sny uonepunoy 4D wop3ury[ pajun ISTD erensny

126 | Clin Biochem Rev 38 (3) 2017



Sweat Testing Guideline

G] UOIEPUSUIIONY

G UOTIEPUSUILIONY

"paure}qo e S[OAJ]
K1anonpuod aanisod 1o
QUIIOPIOQ JI PAINSBIW
9Q I1SNW UOIBIUIIUOD
OPLIO[YD ‘W 9< SjuBIUL U]
‘[ewIou

QIR S[9AJ] AJTAIIONPUOD
J1 U9AS painsesawt 9q
ISNUI 9PLIOTYD JBIMS

‘W 9> syueyuUI uf

1D JO sisougelp
© sproddns (syuoreambs

[DBN) T/[oWt )6<

1D Jo sisougerp

e supoddns (sjuojeamnbo
1DBN) /10w 06<
4999

0} AJoyITun (syuajearnba
1DBN) T/[owwQs>

“OPLIOYD JBIMS JO
JuSWIoINSEaW dAIRINUEND
aAey pnoys ([DeN
jJud[eAInba) /joww

0S< anJeA AJIAONPUOD
1BOMG "SJIS QANJRUI} B

e pawtoyrod oq Aewr
KJIATIONPUOD 1BOMS

“OPLIOUO JBAMS JO
JuSWIoINSBAW dARINUEND
aAey pnoys ([DeN
juoreAnbo) /0w (6=
onjeA AJIAIONPUOD JBIMS

V/N

ko)

0} anp 9q 03 A[oY1] A19A
/10wt ()8< A3AONPUO))
"UOT}BIIUOUOD SPLIOTYO
JBOMS JO JUOWIINSBIUL
dA®RY pInoys /[owu

0S< SAIIAONPUOD

s syuoned e (1D

0} onp 9q Aew /oW
08—0S Ananonpuo)

Surxapalr 29 FuIuoIdS
— A)IATIONPUOD 1BOMS
[ednAeue-jsod-ysog

S[RAIDUI SOUIJAI
KJIATIONPUOD JBOMS

127 | Clin Biochem Rev 38 (3) 2017



Massie J et al.

‘g1ordwoour

SI 10 $59001d SUIU2I0S
o) ysnoay) J[qe[reAr
jou sem 2dKIouad YLD
oy J1 Suns9) o1oUA3
MLAD o31opun prnoys
sisougerp ) 10 eI
OPLIO[YO JBAIMS 109U

pue 2AnIsod-usaios

oIk OyM S[enpIAIpU]
‘Aep owes oY) uo AJurer0d
pue a1qrssod se uoos se
syuoned 1o syuared pue
suerouI[d 03 paytodar oq
prnoys suonejdidiour

€ UOTIEpUSUIIOIY pue s)nsay

‘uonouny
onearoued QULIDOXD JO
$159) Aq ‘SOOUB)SUI QUWIOS
ul pue 9UAIYIP [enusjod
[eseu JO JusWaINSLIW
‘sisAJeue JeuoneynW
onouad ‘3unso) jeams
jeadar Aq payLe[d 2q

Kew sisouder( gD

yim sjuonjed Jo oreo

pue sisou3eIp ayj ur
Sursijeroads uerorsAyd

B 0] PA1I9JaI 9q P[noys
1[NSAT OPLIOYO JBIMS
[eooAInba ym syudnred

dn-mofrjo} oprIo[yo JeOMS

LT0T ‘uonipy pug
uonepunoy 4D

LT0T ‘uonipy pug
visg[e.sny

$10T ‘uonIpy pug
wop3ury] pajun

600C ‘uonIpy pIg
ISTD

9007 ‘uonIpy 1T
ei[ensny

128 | Clin Biochem Rev 38 (3) 2017



References

1.

10.

I1.

12.

13.

14.

Rowe SM, Miller S, Sorscher EJ. Cystic fibrosis. N Engl
J Med 2005;352:1992-2001.

OSullivan BP, Freedman SD. Cystic fibrosis. Lancet
2009;373:1891-904.

Gibson LE, Cooke RE. A test for concentration of
electrolytes in sweat in cystic fibrosis of the pancreas
utilizing pilocarpine by iontophoresis. Pediatrics
1959;23:545-9.

Sosnay PR, Salinas DB, White TB, Ren CL, Farrell
PM, Raraigh KS, et al. Applying Cystic Fibrosis
Transmembrane Conductance Regulator Genetics
and CFTR2 Data to Facilitate Diagnoses. J Pediatr
2017;1818:S27-32,32.el.

Cystic Fibrosis Genetic Analysis Consortium. Cystic
Fibrosis Mutation Database. http://www.genet.sickkids.
on.ca/app (Accessed 21 November 2017).

Bobadilla JL, Macek M Jr, Fine JP, Farrell PM.
Cystic fibrosis: a worldwide analysis of CFTR
mutationscorrelation with incidence data and application
to screening. Hum Mutat 2002;19:575-606.

Mishra A, Greaves R, Massie J. The relevance of sweat
testing for the diagnosis of cystic fibrosis in the genomic
era. Clin Biochem Rev 2005;26:135-53.

Massie RJ, Curnow L, Glazner J, Armstrong DS, Francis
I. Lessons learned from 20 years of newborn screening
for cystic fibrosis. Med J Aust 2012;196:67-70.

Wilcken B, Wiley V, Sherry G, Bayliss U. Neonatal
screening for cystic fibrosis: a comparison of two
strategies for case detection in 1.2 million babies. J
Pediatr 1995;127:965-70.

Massie J, Curnow L, Gaffney L, Carlin J, Francis
I. Declining prevalence of cystic fibrosis since the
introduction of newborn screening. Arch Dis Child
2010;95:531-3.

Massie J, Clements B; Australian Paediatric Respiratory
Group. Diagnosis of cystic fibrosis after newborn
screening: the Australasian experiencetwenty years and
five million babies later: a consensus statement from
the Australasian Paediatric Respiratory Group. Pediatr
Pulmonol 2005;39:440-6.

Sosnay PR, White TB, Farrell PM, Ren CL, Derichs N,
Howenstine MS, et al. Diagnosis of Cystic Fibrosis in
Nonscreened Populations. J Pediatr 2017;181S:S52-7,57.
e2.

Massie J. Sweat testing for cystic fibrosis: How good is
your laboratory? J Paediatr Child Health 2006;42:153-4.
Coakley J, Scott S, Doery J, Greaves R, Talsma P,
Whitham E, et al; AACB Sweat Testing Working Party.
Australian guidelines for the performance of the sweat
test for the diagnosis of cystic fibrosis: report from the
AACB Sweat Testing Working Party. Clin Biochem Rev
2006;27:S1-7.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Sweat Testing Guideline

Guidelines for the Performance of the Sweat Test for the
Investigation of Cystic Fibrosis in the UK (Version 2) An
Evidence Based Guideline, 2014.

LeGrys VA, Gibson LE, Hammond RB, Kraft K,
Rosenstein BJ. NCCLS. Sweat testing: sample collection
and quantitative analysis; approved guideline. Second
Edition: US National Committee for Clinical Laboratory
Standards Document C34-A2 (ISBN 1-556238-40704)
2000. NCCLS, Pennsylvania, USA; 2009.

Rosenstein BJ, Cutting GR; Cystic Fibrosis Foundation
Consensus Panel. The diagnosis of cystic fibrosis:
a consensus statement. (see comment) J Pediatr
1998;132:589-95.

Metz MP, Ranieri E, Gerace RL, Priest KR, Luke CG,
Chan A. Newborn screening in South Australia: is it
universal? Med J Aust 2003;179:412-5.

Woods S. Cystic Fibrosis in Adulthood: an evolving
spectrum. New Zealand Journal of Medical Laboratory
Science 2013;67:20-24.

Ramsey BW, Davies J, McElvaney NG, Tullis E, Bell
SC, Drievinek P, et al; VX08770102 Study Group. A
CFTR potentiator in patients with cystic fibrosis and the
G551D mutation. N Engl J Med 2011;365:1663-72.

De Boeck K, Kent L, Davies J, Derichs N, Amaral M,
Rowe SM, et al; European Cystic Fibrosis Society
Clinical Trial Network Standardisation Committee.
CFTR biomarkers: time for promotion to surrogate end-
point. Eur Respir J 2013;41:203-16.

Mishra A, Greaves R, Massie J. The limitations of
sweat electrolyte reference intervals for the diagnosis of
cystic fibrosis: a systematic review. Clin Biochem Rev
2007;28:60-76.

Hammond KB, Turcios NL, Gibson LE. Clinical
evaluation of the macroduct sweat collection system and
conductivity analyzer in the diagnosis of cystic fibrosis. J
Pediatr 1994;124:255-60.

Mastella G, Di Cesare G, Borruso A, Menin L, Zanolla L.
Reliability of sweat-testing by the Macroduct collection
method combined with conductivity analysis in
comparison with the classic Gibson and Cooke technique.
Acta Paediatr 2000;89:933-7.

Parad RB, Comeau AM, Dorkin HL, Dovey M, Gerstle
R, Martin T, et al. Sweat testing infants detected
by cystic fibrosis newborn screening. J Pediatr
2005;147(Suppl):S69-72.

Eng W, LeGrys VA, Schechter MS, Laughon MM, Barker
PM. Sweat-testing in preterm and full-term infants less
than 6 weeks of age. Pediatr Pulmonol 2005;40:64-7.
Hardy JD, Davison SH, Higgins MU, Polycarpou PN.
Sweat tests in the newborn period. Arch Dis Child
1973;48:316-8.

Mackay RJ, Florkowski CM, George PM, Sies CW,
Woods S. Uncertainty of sweat chloride testing: does the

129 | Clin Biochem Rev 38 (3) 2017



Massie J et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

right hand know what the left hand is doing? Ann Clin
Biochem 2008;45:535-8.

Collie JT, Massie RJ, Jones OA, Morrison PD, Greaves
RF. A candidate reference method using ICP-MS for
sweat chloride quantification. Clin Chem Lab Med
2016;54:561-7.

30. Doorn J, Storteboom TT, Mulder AM, de Jong WH,
Rottier BL, Kema IP. Ion chromatography for the precise
analysis of chloride and sodium in sweat for the diagnosis
of cystic fibrosis. Ann Clin Biochem 2015;52:421-7.
Barben J, Ammann RA, Metlagel A, Schoeni MH; Swiss
Paediatric Respiratory Research Group. Conductivity
determined by a new sweat analyzer compared with
chloride concentrations for the diagnosis of cystic
fibrosis. J Pediatr 2005;146:183-8.

Desax MC, Ammann RA, Hammer J, Schoeni MH,
Barben J; Swiss Paediatric Respiratory Research Group.
Nanoduct sweat testing for rapid diagnosis in newborns,
infants and children with cystic fibrosis. Eur J Pediatr
2008;167:299-304.

Losty HC, Wheatley H, Doull 1. The evaluation of a
novel conductometric device for the diagnosis of cystic
fibrosis. Ann Clin Biochem 2006;43:375-81.

Mishra A, Greaves R, Smith K, Carlin JB, Wootton A,
Stirling R, et al. Diagnosis of cystic fibrosis by sweat
testing: age-specific reference intervals. J Pediatr
2008;153:758-63.

Jayaraj R, Barton PV, Newland P, Mountford R, Shaw
NJ, McCarthy E, et al. A reference interval for sweat
chloride in infants aged between five and six weeks of
age. Ann Clin Biochem 2009;46:73-8.

Wilschanski M, Zielenski J, Markiewicz D, Tsui
LC, Corey M, Levison H, et al. Correlation of sweat
chloride concentration with classes of the cystic fibrosis
transmembrane conductance regulator gene mutations. J
Pediatr 1995;127:705-10.

De Boeck K, Derichs N, Fajac I, de Jonge HR, Bronsveld
I, Sermet I, et al; ECFS Diagnostic Network Working
Group; EuroCareCF WP3 Group on CF diagnosis.
New clinical diagnostic procedures for cystic fibrosis in
Europe. J Cyst Fibros 2011;10(Suppl 2):S53-66.
Borowitz D, Parad RB, Sharp JK, Sabadosa KA,
Robinson KA, Rock MIJ, et al; Cystic Fibrosis
Foundation. Cystic Fibrosis Foundation practice
guidelines for the management of infants with cystic
fibrosis transmembrane conductance regulator-related
metabolic syndrome during the first two years of life and
beyond. J Pediatr 2009;155(Suppl):S106-16.

130 | Clin Biochem Rev 38 (3) 2017

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Farrell PM, White TB, Ren CL, Hempstead SE, Accurso F,
Derichs N, et al. Diagnosis of Cystic Fibrosis: Consensus
Guidelines from the Cystic Fibrosis Foundation. J Pediatr
2017;181S:S4-15,15.¢e1.

Mackay RJ, Greaves RF, Jolly L, Massie RJ, Scott
S, Wiley VC, et al. Laboratory performance of sweat
conductivity for the screening of cystic fibrosis. Clin
Chem Lab Med 2017; /j/cclm.ahead-of-print/cclm-2017-
0530/cclm-2017-0530.xml (In press).

LeGrys VA, Wood RE. Incidence and implications of
false-negative sweat test reports in patients with cystic
fibrosis. Pediatr Pulmonol 1988;4:169-72.

Rosenstein BJ, Langbaum TS. Misdiagnosis of cystic
fibrosis. Need for continuing follow-up and reevaluation.
Clin Pediatr (Phila) 1987;26:78-82.

Massie J, Gaskin K, Van Asperen P, Wilcken B. Sweat
testing following newborn screening for cystic fibrosis.
Pediatr Pulmonol 2000;29:452-6.

Robins H, Newman C, Talsma D, Koerbin G, Hickman P.
Seventy-two hour sweat chloride stability. Clin Biochem
Rev 2012;33:546.

Collie JT, Massie J, Jones OA, Morrison PD, Greaves RF.
Sweat travels: the issue of sweat chloride transportation.
Clin Chem Lab Med 2017;/j/cclm.ahead-of-print/cclm-
2017-0506/cclm-2017-0506.xml (In press).

Koerbin G, Greaves RF, Robins H, et al. Total intra-
individual variation in sweat sodium and chloride
concentrations for the diagnosis of cystic fibrosis. Clinica
chimica acta; international journal of clinical chemistry
2008;393(2):128-9

Vermeulen F, Le Camus C, Davies JC, Bilton D,
Milenkovi¢ D, De Boeck K. Variability of sweat chloride
concentration in subjects with cystic fibrosis and G551D
mutations. J Cyst Fibros 2017;16:36-40.

Vermeulen F, Lebecque P, De Boeck K, Leal T. Biological
variability of the sweat chloride in diagnostic sweat tests:
A retrospective analysis. J Cyst Fibros 2017;16:30-5.
Willems P, Weekx S, Meskal A, Schouwers S. Biological
Variation of Chloride and Sodium in Sweat Obtained by
Pilocarpine Iontophoresis in Adults: How Sure are You
About Sweat Test Results? Lung 2017;195:241-6.

Collie J, Massie RJ, Jones O, LeGrys V, Greaves RF. 65
Years Since the New York Heat Wave: Advances in Sweat
Testing for Cystic Fibrosis. Pediatric Pulmonology.
2014;49:106-117.



